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SPECIFICATION 

UNFOLDING APPARATUS FOR FOLDABLE ELECTRONIC 

DEVICE 

FIELD OF THE INVENTION 

5 The present invention relates generally to an unfolding 
apparatus for a foldable electronic device, and more particularly to an 
unfolding apparatus for automatically opening the cover of a portable 
electronic device such as a portable telephone or personal digital 
assistant, 

10 BACKGROUND OF THE INVENTION 

An ultimate object of communication is, of course, to enable 
information to be instantaneously transmitted or exchanged anytime, 
from anywhere, and by anybody. In recent years, mobile 
communication has been extensively developed. A great variety of 

15 communication equipment such as mobile phones and personal digital 
assistants (PDAs) can now be found in the marketplace. Many varieties 
of such equipment have a housing and a cover. The housing and the 
cover are connected by a hinge. When in a closed position, the cover 
drapes part or all of the housing. The cover typically protects a keypad 

20 on the housing from being accidentally pressed. When the electronic 
device is in use, the cover can be opened. 

Conventionally, there are two ways to open the cover. The first 
way is manual opening, as disclosed in U.S. Patents Nos. 5,628,089 and 
5,991,638. The cover is attached to the housing by a hinge module. 

25 The cover can be positioned at a predetermined angle with respect to the 
housing using a detent module. To open the cover, a user has to turn the 
cover with one hand. This can be unduly uncomfortable and 
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inconvenient. 

The second conventional way to open the cover is automatic opening, 
as disclosed in U.S. Patent No. 5,987,122. The unfolding apparatus has 
a torsion spring around a hinge. When the cover is closed, the spring is 

5 stretched, and a locking mechanism keeps the cover in the closed position. 
When the locking mechanism is unlocked, the cover is automatically 
opened by the torsion spring. This equipment is more user-friendly than 
manually operated equipment. However, the hinge module comprises 
numerous elements, and the interconnections among these elements are 

10 complicated. This results in undue complications when assembling the 
hinge module. In addition, the torsion spring is stretched each time the 
cover is closed. Frequent use of the cover renders the spring prone to 
eventually becoming damaged due to fatigue, 

SUMMARY OF THE INVENTION 

15 In view of the above-mentioned drawbacks of the prior art, an 

objective of the present invention is to provide an unfolding apparatus for 
a foldable electronic device having a cover that can be easily and rapidly 
opened by a user with a single press. 

Another objective of the present invention is to provide an unfolding 

20 apparatus for a foldable electronic device having a solid, durable 
structure. 

A further objective of the present invention is to provide an 
unfolding apparatus for a foldable electronic device having just a few 
simple elements. 

25 To achieve the above-mentioned objects, an unfolding apparatus for 

automatically unfolding a cover of a foldable electronic device in 
accordance with the present invention includes an electromagnetic coil in 
the housing, a magnet in the cover, and a controller. When the cover is 
in a closed position, the magnet is parallel to and opposite the 



electromagnetic coiL The controller is in the housing, and controls 
connection of the electromagnetic coil to a power supply of the electronic 
device. When the electromagnetic coil is connected to the power supply, 
a magnetic field is created around the electromagnetic coil The 
5 magnetic field of the coil acts on a magnetic field of the magnet, and 
causes the magnet to unfold the cover. 

Opening of the cover depends on magnetic force operating between 
the electromagnetic coil and the magnet. No torsion spring is required 
for opening. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 A is a front planar view of a portable telephone in accordance 
with a preferred embodiment of the present invention; 

FIG. IB is a side planar view of the portable telephone of FIG. 1 A; 
FIG. 2A is a cross-sectional view of a controller of the portable 
15 telephone of FIG. 1 A in a free state; 

FIG. 2B is a cross-sectional view of the controller of FIG. 2A in an 
active state; 

FIG. 3A is a perspective view of a magnetic relationship between an 
electromagnetic coil and a magnet of the portable telephone of FIG. lA; 
20 FIG. 3B is a perspective view of an altemative magnetic relationship 

between the electromagnetic coil and the magnet of the portable 
telephone of FIG. lA. 

FIG. 4 is a side planar view of the portable telephone of FIG. lA, 
showing magnetic force acting to open a cover of the telephone; 
25 FIG. 5 is a side planar view of the portable telephone of FIG. 1 A, 
showing three positions of the cover of the telephone during the course of 
rotatable release of the cover from a closed position to an open position 
relative to a housing of the telephone; and 

FIG. 6 is a cross-sectional view of a controller of a portable 



telephone in accordance with an alternative embodiment of the present 
invention, the controller being in a free state; and 

FIG. 7 is a perspective view of a conventional portable telephone. 

DETAILED DESCRIPTION OF THE IN VENTION 

5 FIGS. lA and IB show front and side views of a portable telephone 

in accordance with a preferred embodiment of the present invention. A 
cover 20 of the telephone is rotatably connected to a housing 10 by a 
hinge 60. The hinge 60 is conventional, such as that illustrated in FIG. 7, 
The cover 20 is rotatable between a closed position and an open position 

10 relative to the housing 10. When the cover 20 is in the closed position, 
it covers part or all of the housing 10. 

An unfolding apparatus for automatically opening the cover 20 of the 
telephone comprises an electromagnetic coil 40 located in the housing 10, 
a magnet 30 provided in the cover 20, and a controller 50. When the 

15 cover 20 is in the closed position, the magnet 30 is parallel to and 
opposite the electromagnetic coil 40. The controller 50 is in the housing 
10, and controls connection and disconnection of an electronic circuit (not 
labeled) between a power source (not labeled) of the telephone and the 
electromagnetic coil 40. Understandably, the controller 50 may be 

20 optionally automatically activated when the telephone is changed from 
the off^standby status to the on/operation status. The electromagnetic coil 
40 is disposed as far as possible from the hinge 60, to maximize releasing 
moment. 

Referring to FIGS. 2 A and 2B, a movable contact 51 and a stationary 
25 contact 52 of the controller 50 are connected to the circuit (not labeled) 
between the electromagnetic coil 40 and the power of the telephone 
through first and second wires 71, 72 respectively. The operator 55 of 
the controller 50 is pushed downwardly. A lower face 57 of the operator 
55 pushes the movable contact 51 downwardly to contact the stationary 
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contact 52. Thus the electromagnetic coil 40 is connected to the power 
source (not labeled) of the telephone, and a magnetic field is created 
around the electromagnetic coil 40. 

FIG. 3A shows a magnetic relationship between the electromagnetic 
5 coil 40 and the magnet 30 according to the present invention. A side of 
the magnet 30 nearest the electromagnetic coil 40 is the South Pole. A 
portion of a magnetic field generated by the electromagnetic coil 40 
which is nearest the magnet 30 is also the South Pole. Thus magnetic 
force acting on the magnet 30 is an opening force. Such opening force 

10 is indicated by arrows in FIG. 4. 

FIG. 3B shows an alternative magnetic relationship between the 
electromagnetic coil 40 and the magnet 30 according to the present 
invention. The side of the magnet 30 nearest the electromagnetic coil 40 
is the North Pole. The portion of the magnetic field generated by the 

15 electromagnetic coil 40 which is nearest the magnet 30 is also the North 
Pole. Thus the magnetic force acting on the magnet 30 is an opening 
force. Such opening force is indicated by arrows in FIG. 4. 

Referring to FIG. 5, items A, B and C show three positions of the 
cover 20 during the course of its rotatable release from the closed position 

20 to the open position relative to the housing 10. When rotating from 
position A to position B, the cover 20 rotates with increasing speed under 
the influence of the opening force. When rotating from position B to 
position C, the cover 20 rotates with decreasing speed because the 
opening moment is smaller than the resistant moment of the hinge. 

25 Fig. 6 shows an alternative embodiment of the present invention. In 

the alternative embodiment, the controller 50' has two pairs of movable 
and stationary contacts. A first movable contact 51' and a first 
stationary contact 52' are connected to an electronic circuit (not labeled) 
between the electromagnetic coil 40 and a power source (not labeled) of 

30 the telephone. A second movable contact 51" and a second stationary 

5 



contact 52" function as contacts of an answering switch (not labeled) of 
the telephone. Thus the controller 50 has a dual function of opening the 
cover 20 of the telephone and allowing a user to answer an incoming 
message at the same time. Consequently, the user need only push the 
5 operator 55 in order to open the cover 20 and answer an incoming call or 
message. This is exceedingly convenient and practical for the user. 

Opening of the cover 20 depends on magnetic force operating 
between the cover 20 and the housing 10. Thus the present invention 
does not require mechanical mechanisms or torsion springs to effect 

10 opening of the cover 20. 

The feature of the invention is to provide the telephone with an 
electronic operation system for unfolding/folding the cover with regard to 
the housing instead of the traditional pure manual type or manual plus 
resilient mechanism type, thus resulting in more friendly and convenient 

15 circumstances for the user. Thus, using memory alloy induced by 
circuits to activate movement of the cover is also another alternatives. 

It is understood that the invention may be embodied in other forms 
without departing from the spirit thereof Thus, the present examples 
and embodiments are to be considered in all respects as illustrative and 

20 not restrictive, and the invention is not to be limited to the details given 
herein. 
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